ABSTRACT: Chikusaku-eki and Mokusaku-eki are natural resources and acidic liquid by-products of bamboo and broad leaved trees charcoal burner. These products contain more than 200 ingredients, including phenols, poly phenols and acetic acids. These by-products were tested for their fungicidal activity against sapstaining fungi. There are no studies about the antifungal activity of Chikusaku-eki and Mokusaku-eki against wood staining fungi in the literature. According to the recent findings, this is the first report about the antifungal activity of Chikusaku-eki and Mokusaku-eki against wood staining fungi. These extracts were more effective against sapstaining fungi at minimum concentrations (0.10-1.0 %) used in 2 % (malt extract agar) medium. Three Chikusaku-eki (Chikusakueki-I, Chikusaku-eki-II and Chikusaku-eki-III) and 2 Mokusaku-eki (Mokusaku-eki-I, Mokusaku-eki-II) extracts were tested against 4 sapstaining fungal samples to evaluate the inhibition range on sapstaining fungal growth. Ophiostoma flexuosum, Ophiostoma tetropii, Ophiostoma polonicum and Ophiostoma ips were the sapstaining fungi used in this study against bamboo and wood extracts. The initial calibration of extracts was done by calculating the specific gravity, tar calculation and total organic content. The chloroform fractions of these extracts were analyzed by gas chromatographymass spectrometry and both the extracts contained 2,6 dimethoxy phenol, dehydroacetic acid and 2,3,5 trimethoxytoluene. Results revealed that compounds of Chikusaku-eki and Mokusaku-eki markedly inhibited fungal growth at lower concentration. The Chikusaku-eki and Mokusaku-eki have both antifungal, antioxidant properties and a potential to be used as natural preservative in wood industries. Wood slice tests displayed the effective role of both extracts in laboratory level.
INTRODUCTION
Sapstaining fungi causes discoloration of wood and creates a significant economic loss to wood industries worldwide. Many control strategies are used to inhibit sapstaining fungi on wood in forest industries, including chemical and biological protection methods. Bamboo charcoal and wood charcoal extracts are favorable natural resource materials to be used as antifungal agents in wood industries. Both the products are acidic and dark brown liquid by-products of the charcoal burner. Bamboo charcoal extract (Chikusakueki) is also called as bamboo vinegar and broad leaved trees charcoal extract (Mokusaku-eki) called as wood vinegar. These extracts are diluted with water and used as disinfection, antibacterial and deodorization materials in the field of agriculture, horticulture, medical and civil engineering (Imamura, 2007) . In Japan, Chikusaku-eki is mainly used for folk remedies for the treatment of scabies, eczema, atopic dermatitis and other skin diseases (Kimura et al., 2002) . Lu et al., (2007) studied the inhibition efficiency of a mixed solution of bamboo vinegar and chitosan against soil fungus while the antifungal activity of both Mokusaku-eki and Chikusaku-eki are still not studied well. The microbial growth inhibition by bamboo vinegar and wood vinegar has already been reported (Yatagai and Unrinin, 1987; Sulaiman et al., 2005) .
Bamboo extract is mainly prepared from Phyllostachys pubescens, Phyllostachys bambusoides, Phyllostachys heterocycla and Phyllostachys nigra. Broad leaved trees extract is prepared from Quercus serrata, Castanea crenata and Prunus jamasakura (Kimura et al., 2002; Imamura, 2007) . The main components of both bamboo extract and wood extract are acetic acid and water contributing to 3.5-4 % and 80-90 %, respectively and more than 200 ingredients are present in these extracts, including phenolic and polyphenolic compounds (Imamura, 2007) . Among these ingredients, some have strong antifungal activity such as guaiacol, cresol, 4-ethyl-2-methoxyphenol and 2,6-dimethoxyphenol and some have carcinogen ic activity such as woodcreosote, benzo [a] pyrene, benz [a] anthracene and 3-methlcholanthrene (Ikegami et al., 1998) .
The antifungal activity of both extracts has not yet been studied well. According to the recent knowledge, this is the first approach to evaluate the anti sapstaining activity of both extracts in laboratory level. Five different samples of extracts (including 3 bamboo extracts and 2 broad leaved tree extracts) were obtained from different companies and tested against 4 sapstaining fungal samples. The present work was carried out to investigate the antifungal activity of Chikusaku-eki and Mokusaku-eki against sapstaining fungi in laboratory scale and search for the major compounds present in the extracts with antifungal properties.
MATERIALS AND METHODS

Fungal samples
The sapstaining fungal samples included: Ophiostoma flexuosum (363175), Ophiostoma tetropii (363182), Ophiostoma polonicum (343181) and Ophiostoma ips (363176). All the fungal samples were obtained from CABI, Bioscience and UK Centre formerly called as International Mycological Institute (IMI). The fungal cultures were grown in 2 % (MEA) malt extract agar medium (Becton, Dickinson and Company, USA) as pre-inoculums at 25 ºC for 4-7 days.
Chikusaku-eki and Mokusaku-eki
Samples were collected from different parts of South Korea. Table 1 shows detailed information of sources and physiological properties of both Chikusaku-eki and Mokusaku-eki. Chikusaku-eki and Mokusaku-eki were commonly derived from steel batch type kiln. The extracts were generally collected around 200 ~ 600 ºC.
The physico-chemical properties of extracts were calculated based on the methods of Mun et al. (2007) .
The initial physico-chemical properties of extracts were determined by the following basic properties: pH, the specific gravity, the tar calculation and total organic content percentage. pH was measured using pH meter (HI 98160, HANNA instruments). Specific gravity was measured using a glass hydrometer at 15 ± 0.1 º C.
Appropriate amount (25 mL) of extracts was taken in a clean crucible and heated in dying oven (FO-600M, JEIO TECH) and then residues obtained after evaporation of volatile compounds were used to calculate the tar content. Total organic content (TOC) was calculated by standard method as described by Mun et al. (2007) and 1 % of (v/v) extracts were titrated using 0.1 N NaOH solution. The end point of acetic acid has been determined to be the major organic content in the extracts. TOC was calculated from the volume of the titrated NaOH at pH 8.0. The colors of extracts were recorded by naked vision.
Antifungal activity assay
Inhibition percentage of sapstaining fungi was measured by radial mycelial growth method in presence of various concentrations of Mokusaku-eki and Chikusaku-eki. Five different concentrations (0.001, 0.01, 0.10, 0.50 and 1.00 %) of both bamboo and broad leaved trees extracts were used in antifungal activity test. The dilution was directly made from the crude extract. Two percentage MEA media was prepared with above mentioned percentages of bamboo and broad leaved trees extracts, separately. Filter sterilization of extracts was performed before adding into media. 6 mm, agar plugs from the pre-inoculum of Ophiostoma flexuosum, O. tetropii, O. polonicum and O. ips were transferred into 2 % MEA amended with 0.001, 0.01, 0.10, 0.50 and 1.00 % of Mokusaku-eki and Chikusaku-eki. Control plates for all 4 fungal samples were maintained with out extracts. Plates were incubated at 20 ºC for 7 days. The observation of mycelial growth was followed until 7 days and data was registered.
Statistical analysis
Four replicates were maintained for 4 fungal samples at all concentrations under control. The difference between the mycelial growths of replicates was not significant, thus the average was used for antifungal index analysis. Antifungal index was calculated based on the method of Zhong et al. (2007) :
Where, Dt = diameter of mycelial growth zone in test plate; Dc = diameter of mycelial growth zone in control plate. Results with significant difference (P < 0.05) were considered statistically (Ramos et al., 1997) .
GC-MS analysis
Chikusaku-eki-II (CE-II) sample and Mokusaku-eki-II (ME-II) sample with high fungicidal potential were selected to perform the gas chromatography-mass spectrometry (GC-MS) analysis. Fungicidal potential was determined based on the results of radial growth method. The samples were prepared for GC-MS analysis by following procedure. 500 µL of sample was mixed with 1 mL of chloroform by vortex followed by centrifugation at 13000 rpm for 10 min. The chloroform extract was separated and 1 µL of sample was injected into a gas chromatograph (GC HP 6980 Series, Hewlett Packard, USA). Separation of compounds was achieved using a DB-5 Column, J and W Scientific Company (30 m length, 0.25 mm ID, 0.25 µm film thickness). The oven temperature was elevated from 90 ºC to 300 ºC at the rate of 10 ºC/10 min; the final temperature at 300 ºC was maintained for 5 min. The MS was operated in electron ionization (EI) mode at 70 eV. Interface temperature was kept at 230 ºC. The compound peaks were identified in comparison with available standards.
Evaluation of antifungal activity of Chikusaku-eki and Mokusaku-eki in wood slices in laboratory condition
This experiment was carried out to evaluate the antifungal activity of Chikusaku-eki and Mokusakueki on wood slices under laboratory condition. Pinus radiata was used as wood element. Uncontaminated Pinus ratidata wood block was used to prepare the wood slice in Chonbuk National University Wood Centre. The wood blocks were selected randomly. The slices were placed in sterilized container and then taken to the laboratory. The samples were alienated into small pieces by a sterilized knife (approximately 10 mm × 10 mm in size) and then sterilized at 121 ºC for 20 min.
Sterilized wood pieces were soaked with both chikusaku-eki and mokusaku-eki at different concentrations (0.25, 0.5, 1.0 %) for 5 min and then air dried in inside laminar air flow chamber, while control was suspended in sterilized distilled water. Fungal samples as Ophiostoma flexuosum, Ophiostoma tetropii, Ophiostoma polonicum and Ophiostoma ips were inoculated in 2 % MEA plates before placing wood slices into the plates. Control piece and 3 concentrations of the same sample were placed in four sides of each fungus, separately.
RESULTS AND DISCUSSION
Physicochemical properties of extracts
The physical properties of Chikusaku-eki and Mokusaku-eki were shown in Table 1 . The values of pH of CE-I, CE-II, CE-III, ME-I and ME-II were 3.0, 3.25, 3.25, 3.5 and 3.5, respectively. The total organic acid contents were 9.87, 11.37, 11.22, 8.90 and 11.07 %, respectively. Acidic values and higher specific gravity of the extracts were determined in higher extraction temperature. The specific gravity and tar content percentage were also included in Table 1 . The specific gravity values greatly vary if an iron kiln or combustion furnace is used other than an earthen kiln.
The total organic contents were varied based on wood species and extraction conditions. High organic acid conten t extract exh ibited more antifungal potential than other extracts. It supports that the antifungal activity of extracts was arising from phenolic compounds. Thus, those extracts (CE-II and ME-II) were selected for further studies.
Antifungal activity of Chikusaku-eki
The antifungal activities of CE-I, CE-II and CE-III were assessed against sapstaining fungi. Table 2 shows the antifungal activity of extracts in 2 % MEA medium.
Among 3 samples of Chikusaku-eki, CE-II and CE-III were very active since all four tested sapstaining fungi were completely inhibited when 1.0 % used.
Same time minimum growth of all tested fungi was observed in 1.0 % of CE-I sample containing plates. 0.5 of CE-II and CE-III was completely inhibited the growth of Ophiostoma flexuosum (Table 2 ) and 0.5 % of CE-II completely inhibited the growth of Ophiostoma tetropii and Ophiostoma ips (Table 2) . CE-I was not so active against sapstaining since mycelial growth of all tested sapstaining fungi was observed in all concentrations of extract. Ophiostoma polonicum (Table 2) shows high tolerant activity against all 3 extracts with indicates equal growth to control in presence of 0.001, 0.01 and 0.10 % extract. Growth of Ophiostoma tetropii and Ophiostoma ips were slightly inhibited even minimum concentration of 0.001 % used (Table 2) . Thus, Ophiostoma tetropii and Ophiostoma ips are highly sensitive towards Chikusaku-eki.
Antifungal activity of Mokusaku-eki
Compare to Chikusaku-eki, Mokusaku-eki was not highly active extract against sapstaining fungi. All samples of Mokusaku-eki have not completely inhibited the mycelial growth of tested sapstaining fungi even high concentration of 1.0 % used. Ophiostoma flexuosum shows (Table 2 ) high resistance CE-I CE-II CE-III ME-I ME-II CE-I CE-II CE-III ME-I ME-II CE-I CE-II CE-III ME-I ME-II (Table 2 ). An overall result of Mokusaku-eki shows that effects of Mokusaku-eki were not significant (Table 2) . Thus, Mokusaku-eki is not suitable product for inhibition of sapstaining fungi in wood industries.
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Chemical composition analysis of CE-II and ME-II by GC-MS
The main compounds of extracts were identified by GC-MS. A number of 6 spectral peaks were detected in GC-MS analysis of CE-II. These peaks were detected at retention time (RT) 6. 64, 8.36, 9.68, 10.69, 11.97 and 12.97 min (Table 3 ). Among these 6 peaks, 5 peaks were identified by mass spectroscopy (MS); th ese compounds may responsible for antifungal activity of CE-II. The compounds are 2-methoxy phenol (6.64), 2-methoxy-4-methyl phenol (8.36), 2,6-dimethoxy phenol (10.69), dehydroacetic acid (11.97) and 2,3,5-trimethoxytoluene (12.97). GC-MS analysis of chloroform fraction of ME-II revealed four well defined spectr al peaks (Table 3) ; compounds 1, 2, 3 and 4 were detected at RT 10.70, 11.97, 12.98 and 13.98 min. The major peak was obtained in RT of 10.70 min. The compounds of these four peaks may contain high antifungal activity among other ingredients of ME-II. Thecompounds were iden tified as 2, 6-dimeth oxy ph enol, dehydroacetic acid, 2,3,5-trimethoxy toluene and 5-hydroxy-3-oxo-2-propionyl-1gamma-1-acetone-4-heptnoic acid by MS analysis.
Antifungal activity of Chikusaku-eki (CE-II) and Mokusaku-eki (ME-II) in wood slices
Antifungal activity of Chikusaku-eki and Mokusaku-eki were determined on wood slices under laboratory condition (Fig. 1) . Control wood slices were completely occupied by all the tested fungal samples after 7 days.
Growth of Ophiostoma polonicum and Ophiostoma flexuosum hypha was inhibited on wood slices treated with 1.0 % CE-II ( Fig. 1 a and d) . While Ophiostoma tetropii hypha growth was observed in wood slice treated with 1.0 % CE-II (Fig. 1 a) . Thus, the experiment supports the results of radial mycelial growth inhibition test. As mentioned previously, the antifungal activity of Mokusaku-eki is lesser than Chikusaku-eki. All the tested fungi (except Ophiostoma flexuosum) were grown in wood slices treated with 1.0 % of Mokusakueki. Developing an eco friendly product is essential for the inhibition of fungal growth on wood and wood protection. Both Mokusaku-eki and Chikusaku-eki have been recognized as highly active extracts with antimicrobial activity (Rouha et al., 2000; Kimura et al., 2002) and both are natural by-products. In this study, the antifungal activity of Chikusaku-eki and Mokusakueki were studied from minimum possible concentration to high concentration. To determine the chemical composition of Chikusaku-eki and Mokusaku-eki, the chemical analysis was conducted by GC-MS spectrum (Figs. 2 and 3) . The results showed the content of both acetic acid and phenolic compounds in Chikusaku-eki and Mokusaku-eki. GC-MS results showed a higher content of 2,6-dimethoxy phenol in both Chikusakueki (34.72 %) and Mokusaku-eki (58.06 %).
A r e a ( % ) RT ( According to previous research works, both the extracts were mostly composed of 80 to 90 % water and 10 to 20 % of more than 200 ingredients. Major compounds of these ingredients are organic acids such as acetic acid and propionic acid. The total organic content of extracts varies and depends on the wood species, mostly around 3-4 % in bamboo and 2-3 % in broad leaved trees (Mun et al., 2007) . Among these organic compounds acetic acid was recognized as the major component, approximately 59 % in bamboo extract and 45-69 % in broad leaved trees (Mun et al., 2007) .
Mokusaku-eki and Chikusaku-eki also contain phenolic compounds as major constitutes. The concentration of phenolic compounds also vary depending on wood species about 0.53 % in bamboo extract and 0.16 to 0.15 % in broad leaved trees extract. Panasenko (1967) and Land et al. (1987) reported that pH tolerant of sapstaining fungi are more and range between pH 2 to pH 10. The phenolic compounds were identified and indicated as central efficacy tested against sapstaining fungal growth from 0.25 to 1.00 % where the sapstaining fungal growth was completely inhibited in all concentrations (data not shown).
Presence of phenolic compounds in both extracts was proved by GC-MS analysis in the present study. Based on the antifungal activity results and GC analysis results, complex mixture of phenolic compounds was responsible for antifungal activity of Mokusaku-eki and Chikusaku-eki. Since the concentration of organic acids are almost similar in both extracts, in reference to Mun et al. (2007) the concentration of phenolic compounds in Chikusakueki was 3-4 folds higher than Mokusaku-eki. The antifungal activity tests also had shown the fewer an tifun gal activity of Mokusaku-eki in all concentrations. Antifungal and antimicrobial activities of plant phenols were studied well (Pereira et al., 2007; Prats et al., 2003; Markin et al., 2002) . The exact mode of action of antifungal and antimicrobial activities of wood phenols yet not studied well.
The peaks detected in RT at 10.70, 11.97, 12.98 and 13.98 min for Mokusaku-eki and at 6.64, 8.36, 9.68, 10.69, 11.97 and 12.97 min for Chikusaku-eki were considered to be compounds with antifungal activity. During the preparation of wood extracts, the phenols, guaiacol and their derivatives were arising from thermal degradation of wood lignin (Maria et al., 2002) . These compounds have been considered as responsible for antioxidant and antimicrobial activity (Maria et al., 2002) . Some authors reported the antioxidant activities of 2-methoxyphenol (guaiacol), 2,6-dimethoxyphenol (syringol) present in wood extract (Ogata et al., 1997; Kajiyama and Ohkatsu, 2001; Bortolomeazzi et al., 2007) . Since cell membrane acts as selective barrier for the passage of solution between cytoplasm and cell surface area, phenols can easily interact with cell membrane and damage it. This causes the cell burst and release of cell constituents from cytoplasm which leads the cell death (Park et al., 2001) .
The antifungal ability of phenolic compounds are depends on the fungal enzyme inhibition which contains SH groups in their active sites and the antifungal activity of phenolic compounds might be influenced by the water soluble properties of phenolic compounds (Cowan, 1999) . Akgul and Kivanc, (1988) studied the antifungal activity of thymol and carvacrol against Aspergillus flavus, Geotricum candidum, Mucor spp. and Penicillium spp. in PDA agar at 0.0025 and 0.05 % (W/V). The complete inhibition was observed by thymol and carvacrol. The small amount of minor compounds in Chikusaku-eki and Mokusakueki might also contribute the antifungal activity. Phenolic compounds are exhibited h igh er antimicrobial property than alcohols, aldehydes, ketones, ethers and hydro carbons (Kurita and Koike, 1983) . Essential oils present in phenols possessed a significant antifungal activity than essential oils in ketone. The antifungal activities of compounds are mainly based on fungal group and fungal strains (Benjilali et al., 1984) . However, multiple mode of action was observed in antifungal mechanism of phenolic compounds. The interaction of phenolic compounds with cell membrane caused the release of in tr acellular compounds, fatty acid change, Int. J. Environ. Sci. Tech., 6 (1), 13-22, Winter 2009 Abundance phospholipid constituent, impair the energy metabolism, alter in nutrient uptake, electron transport and influence in genetic material synthesis (Nychas, 1995) . The antioxidant capacity of phenolic compounds depends on the chemical structure of the molecule and the ability of a compound to act as a reducing agent and thus to function as an antioxidant (Bortolomeazzi et al., 2007) and antifungal activity mainly based on the fungal enzyme inhibition by the oxidized compounds through protein nonspecific interaction or reaction with sulfhydryl groups (Voda et al., 2004) . The hydroxyl group of phenolic compounds can easily react with enzymes and form hydrogen bonds. These bonding formations can extent the inhibition of phenolic compounds (Farag et al., 1989) . The antifungal activity of phenolic antioxidants also depends on the degree of steric hindrance, the lipid solubility and the location of hydroxyl group on the molecule (Raccach, 1984) . In addition, the antioxidant performance could be due to the effect of the pH on the ionization of the phenolic compounds (Borotolomeazzi et al., 2007) . At the pH of 7.01, the hydroxyl group of phenolic compound is not ionized. However, at pH 3.0, the phenolic hydroxyl group are ionized and antioxidant activity also are increased (Borotolomeazzi et al., 2007) . This hypothesises was observed for guaiacol (Borotolomeazzi et al., 2007) . The electron-attractive inductive effect of the alpha carbonyl group in the para position should in fact destabilize the phenoxyl radical and reduce the radical scavenging ability of these compounds (Kajiyama and Ohakatsu, 2007) . The previous reports showed that electron donor or bulky groups at the ortho or para group of the phenol compounds were required for the inhibition of lipid oxidation. The lipid oxidation was found to inhibit the fungal growth (Vaughn and Gardner, 2003) . The allyl groups, which contain phenolic compounds, are effective antioxidants because of the O 2 and hydroxyl radical scavenging ability. However, the phenolic compounds without allyl groups also play a role in the termination of free radical chain reactions. The antifungal activity of guaiacol is enhanced by the presence of alkyl group(s) on its benzene ring and ether compounds enhanced with methyl group (Kurita et al., 1981) . Voda et al., (2004) reported that the most hydrophobic compounds were more active and the least hydrophobic compounds had least activity against fungal growth . Voda et al., (2004) also suggested that compounds,which contained only one oxygen ring in the aromatic ring, had more antifungal activity compare to compounds with two to three oxygen groups. Cresol, eugenol and isoeugenol were more active antifungal compounds since aromatic ring of these compounds had oxygen group in second position and hydrocarbon groups in the fourth position (Voda et al., 2004) . The antifungal activity also influenced by size of hydrocarbon group; large hydrocarbon groups are more active than compounds which contain smaller hydrocarbon groups (Voda et al., 2004) . Thus, it can be suggested that fungicidal responsibility of Chikusaku-eki and Mokusaku-eki is risin g from its ingredients such as phenols, polyphenols and acetic acid with influence of pH of extracts and the fungicidal responsibility depends on the following reasons:
Contact between cell surface and phenolic compounds; Intake of phenolic compounds into inside of fungal cell and reaction between the phenolic compounds and target molecule. The uptake of phenolic compounds may be influenced by some molecules like proteins.
Creosote, creosote solutions and oil borne preservatives are universally used as chemical preservatives to protect wood from staining fungi and other decay fungi. These chemicals preservatives should not be used at homes or other living areas because of toxic fumes and carcinogenic effects on plants, animals and humans (Chirra, 1995) . Kimura et al. (2002) found that Chikusaku-eki do not have carcinogenic effects in cell systems. Chikusaku-eki and Mokusaku-eki are diluted with water and used as a folk medicine for skin disease in Japan. Consequently, it can be used in wood industries without carcinogenic effects. Since it is a natural resource, compare to the wood preservatives synthesized chemically, the material used in the present study is much safe as it is a consortium of many materials and it's concentration is much lower. On the other hand, application of Chikusaku-eki and Mokusaku-eki as wood preservatives can be viewed as an friendly environment waste management strategy because it is available as waste in large quantities from charcoal producing industries. These extracts could be used at homes or other living areas since diluted extracts are directly consumed as folk medicine for skin disease. Chikusaku-eki and Mokusaku-eki are natural resource materials, easily available and inexpensive. Therefore, it is favorable fungicide for wood industries.
CONCLUSION
This investigation has given preliminary information to determine the antifungal activity of Mokusaku-eki and Chikusaku-eki against sapstaining fungi and influence of pH, phenolic compounds and other ingredients in fungicidal activity in laboratory level.
Further investigations are currently conducted to find out the efficacy of Mokusaku-eki and Chikusakueki as an antifungal agent on wood in the field. Also, further studies are required to find out the exact mode of phenolic compounds action against fungal growth.
These extracts are easily available, inexpensive and non-toxic to environment which validate their applications in wood industries.
